Vol. 36 No. 11

LB F &R

FHEEXHEZECHEIFRITILIUIZI v 5NNy XD
—ER/ AR
] [ Y

YRFADHA Fieho TN ARERTIHERDT NI Y X3 v 7 FNy £V IFETHE, BHIMEEKC
REATERY, RBTEZORNTZECEBTHD, NTE2EUXEITRET S LBTENRL, XOFE
RENAKET A NERETERVEOMEARS -2, ChICHLT, FHEBEILuREL, M
kLT, EREL 7 -2l &R UTIHERDOH 2 XDEASTH B Critical Slice 2N/ REHR DN
FERHFRIBEINTNS. KRXTIR, 7B 5607 X MCBOTHEEINS, WHREEL S — (BB
5 —%ad), HARIhT I —, BLY, HARLVERV-F=5—D3 20> 7 — X7 5 Critical Slice
CESOI N TERAFRERET S, HORh 7 -Bbd L, vl 5T —-A2BRTI2EEKICON
TR, £DXIWEAKE, BOXOHMORERRZEAT I EIKXD, =7 -DBRBAEMT S &8s
TR EAERT. Fl, ANSREFRAERT B720D Y X7 LOME, WEARE, BIU, -1V
A7 2 —RLDNTHBRNB.

An Implementation of Algerithmic Debugging for
Procedural Languages

Taka0 SHIMOMURAT

In the conventional algorithmic debugging methods that locate a bug under the guidance
of a system, there are some problems such that they cannot be applied to procedural lan-
guages, can determine only a faulty function, that is, cannot locate a faulty statement, or
cannot detect a bug concerning omitted statements. On the other hand, an deterministic
bug-locating method for variable-value errors in procedural languages has been presented,
which is based on a critical slice, that is, a set of statements that might have caused an
variable-value error. This paper presents a critical slice-based bug-locating method for
three kinds of errors: wrong-output errors (including variable-value errors), missing-out-
put errors, and no-output infinite-loop errors. It refers to cases in which a programmer
may misidentify an error, and shows that the method this paper presents can avoid such
misidentification of errors by introducing dependency between output statements. It also
describes the system configuration, man-machine interfaces and behaviors of a system to
implement this method.
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function CEP(i : SE/THET; AffectUse : ZHDKEA: ¢ - EIFHEM) return EFFEE S DL is

X, EP: EITHEOES
begin
if i = e then

X :=Def(i, AffectUse) U OmsCond(i, AffectUse) U CtiDef(i, AffectUse) U Ctl(i);

else

X = Def(i, AffectUse) U OmsCond(i, AffectUse) U CtiDef(i, AffectUse);

end if;
ifX= ¢ then
return (¢ );
end if;
EP:=X;
for each x € X loop
EP := EP UCEP(x, Use(x), ¢);
end loop;
return EP;
end CEP;

1 E% CEP
Fig. 1 Function CEP.
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get(x, y);

max := X;

min := x;

ifx>ythen (x<ydIELLY)
max :=yj;

else
min :=y;

end if;

7 put(min, max);

[V NS S

(=Y

2 7w/ 7 . min_max
Fig. 2 Program min_max.

1 get(x, y); {x=3,y=2}

2: max:=x; {max=3}

3:;  min:=x; {min=3}
<> 4 x>y {3>2}

5s max:=y; {max=2}

min O 6 put(min, max); { put(3,2)}

— Def > OmsCond

3 v/ 54 min_max OEFTRY
Fig. 3 Execution sequence of program min_max.

get(m, n);

ci=m;

d:=n;

while d ¥ 0 loop
ri=c/d; (r:=cmod d; AHE L)
ci=d;
di=r;

end loop;

Xi=c;

9 put(x);

4 Fny7u ged
Fig. 4 Program gcd.
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11 get(m, n); {m=6,n=2}
22 ci=my {c=6}
3 d:=n; {d=2}
44 d¥F0 {z2+0}
55  r:=c/d; {r=3}
6 c:=d; {c=2}
T di=r {d=3}
8 d+0 3+ 0}
9s r:=c/d; {r=0}
106 c:=d; {c=3}
117 d:=r; {d=0}
122 d+0  {0+0}
138 x:=¢; {x=3}
149 put(x); {put(3)}
wemap-  Def ~—3 CtlDef -2~ OmsCond
(a)
1: get(m, n); {m=6,n=2}
2: c:i:=m {c=6}
3 di=n; {d=2}
¢ d 4 d+0 (2+ 0}
55 r:=c/d; {r=3}
66 c:=d; {c=2}
71 d:i=r; {d=3}
Vad
== Def —> CtlDef OmsCond
(b)
Ny
D 55 r:=c/d; {r=3}
r 66 c:=d; {c=2}
77 di=r; {d=3}
Yd
== Def —> CtlDef OmsCond

(c)

5 Fur7a ged O
Fig. 5 Fault localization of program gcd.
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1 get(x,n, A);
2 i=1;
3 ji=m
4 ki=1;
5 while A[k] # xandi = j loop
6 ki=(G+))/2;
7 if x <A[K] then
8 i=k+1;
else
9 ji=k-1;
end if;
end loop;
10 if Ak]=x then
11 put(k);
else
12 put("Not found.");
end if;

(x> AlK] ASIE L)

B 6 v 35 . binary_searchl
Fig. 6 Program binary_searchl.
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B 7 v/ J .4 binary_searchl m/<'4gHj
Fig. 7 Fault localization of program binary_searchl.

get(x, n, A);
i=1
ji=n;
ki=1; .
while A[k] # x and i < j loop
ki=@i+j)/2;
if x> A[K] then
im=k;
else
9 ji=k-1;
end if;
end loop;
10 if Afk]=x then
11 put(k);
else
put("Not found.");
end if;

1

2
3
4
5
6
7
8

(im=k+1; 2SELWVY)

12

B 8 v/ 5 . binary_search?2
Fig. 8 Program binary_search2.
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11 get(x, n, A); { x=6,n=2, A=(2,6) }
2 i=1; {i=1}
3 jem {(i2)
44 ki=1; {k=1}
55 A[k] # xandi < j {2*+6and 1=2}
66 Ke=(@{+j)/2; {k=1}
77 x>A[k] {6>2}
8s i:=k; {i=1}
9s A[K] + xandi = j {2#+6and 1=2}
106 ke=(i+j)/2; {k=1}
117 x > A[k] {6>2}

k 128 i=k; {i=1}
13 ALKl # xandi < j {2#6and 1=2}

= Def —> Ctl, C(CtlDef), O(OmsCond)
(a)

1t get(x, n, A); { x=6, n=2, A=(2,6) }
22 q=1; {i=1}
3 ji=n {i=2}
44 k:=1; {k=1}
55 ALkl + xandi = j {2+6and 1=2}
66 k:=(i+j)/2; {k=1}
71 x>A[k] {6>2}

i=k; {i=1}

Alk] + xandi = j

{2+6and1=2}

k
8s
C
9s
A RN
i

wwep-  Def —3> Ctl, C(CtiDef), O(OmsCond)
(b)
P
Qi 8 =k (=1}

Alk] # xandi = j

{2#6and1=2}

wgp-  Def

(c)

——3  Ctl, C(CtiDef), O(OmsCond)

9 —°v 4 5 4 binary_search2 @377
Fig. 9 Fault localization of program binary_search2.
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1 getl);

2 ifnZ1then

3 put(A’);
end if;

4 if n=2then

5 put(B");
end if;

6 ifn=3then

7 put(C');
end if;

(a) ELWSms 54 prog_outl
(a) Correct program prog_outl

1 get(n);

2 ifn=1 then

3 put(A'");
end if

4 ifn=2then

5 put(B");
end if;

6 if n=3 then

7 put(B’;
end if}

(b) »NIZREAKSD ST A prog_out2
(b) Faulty program prog_out2

(nz1 AE LW

(n=3 25IE L)
(put(C); #IE L)

CP: integer := 0;
procedure put(c: in character) is
begin
CP:=CP+1;
OUTICP} :=c;
end;

(c¢) FHtx put

(c) Procedure put

10 = 7 —-ERD[EL#
Fig. 10 Avoiding misidentification of errors.
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11 get(n); {n=2}
Def 2: n=1 {2=1}
3 n=2 (222)
o 4 put(B); {put(B"}

11 v /5 A prog_out2 o Critical-Flow 25 7
Fig. 11 Critical-Flow graph of program prog_out2.
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Fig. 13 System configuration.
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Fig. 14 User interface example.
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